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Use of Morphological Operators and Pattern Recognition Techniques for
Sorting the FIRST Data.

Deanne Proctor
(925) 423-4039
ddproctor@llnl.gov
L-413

The application of morphological and pattern recognition techniques to

the sorting of FIRST data is presented.  FIRST (Faint Images of the Radio

Sky at Twenty Centimeters) is designed to produce the radio equivalent of the
Palomar Observatory Sky Survey, using the National Radio Astronomical
Observatory Very Large Array. A catalog of source positions and Gaussian-
fit parameters for the sources is available.

The goal of this part of the project is the automatic classification of
types of sources, since it is expected that thére will be on the order of
one million sources in the final catalog.

The data consists of radio maps, each approximately 1500x1100

pixels and containing on average about 30 sources per map. The resolution of
these maps is 5" (approximately 3 pixels). The sources range in size from

a few pixels to 70 or 80 pixels maximum diameter and have various morphologies.
Of particular interest is the extraction of ’'bent doubles’, core-jets, and
gravitational lens candidates. These interesting types constitute on the
order of one percent of the sources.

The emphasis in this presentation is on image-based pattern recognition.
We report on the use of morphological operators for source

extraction and compare use of decision trees and neural networks in the
classification of source morphologies and accounting for the finite
resolution.

Keywords: pattern recognition, morphology
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RESOURCES

FIRST maps, (FIRST survey, Robert Becker)
IDL Interactive Data Language
(Research Systems, Inc.)

IDL UIT database software (Landsman)
IDL FIRST catalog in database form (Michael Gregqg)
OCl decision tree software

(Murthy, Salzberk, Kasif Johns Hopkins Univ.)
SNNS Stuttgart Neural Network Simulator

(Institute for Parallel and Distributed High

Performance Systems, Univ. of Stuttgart)

Thanks to IGPP, Charles Alcock, Kem Cook for
office and computing facilities.



SOURCE EXTRACTION

CATALOG
Up to 4 Gaussians fit per source island.
Software to group catalog sources by proximity (~1’).
Group grows until no new source within distance.

Singles 71%
Doubles 18% -
Triples 6%

Four and more 5%

MORPHOLOGICAL
Erosions, Dilations and Label Region
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TABLE 1
SaMPLE PAGE FROM THE FIRST CATALOG

RA (2000) Dec (2000) w2 SpP Si© RMSY Maje Min® PAf Fields
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

08 00 00.099  +32 06 09.83 1.11 1.07  0.138 2.8 —2.8 173.7 08000+32118B
08 00 00.250  +38 14 21.10 8.99 1235 0.143 4.1 24  23.8 08000+38071B
08 00 00.453 +34 52 18.24 W 1.13 217 0.157 119 —3.3  91.9 08000+35071B
08 00 00.591  +39 50 49.00 2.03 131 0.148 -23 -3.8 163.1 08000+39393B
08 00 00.653 437 33 50.90 22.01 2191 0.266 0.0 -1.0 34.4 08000+37367B
08 00 00.752  +32 46 50.88 4.24 3.95 0106 —1.0 -1.8 66.2 08000+32407B
08 00 02.306  +31 17 20.94 2.19 2.75  0.095 3.3 2.0 170.2 08000+31143B
08 00 02.515 +35 49 27.15 1.11 0.85 0.153 1.5 —3.6 133.8 08000+36065B
08 00 03.247  +36 29 42.13 46.53  58.70  0.138 3.7 1.5  21.6 08000+36364B
08 00 03.683 433 58 24.35 1.50 1.08 0.144 —2.8 -2.8 0.3 08000434082B
08 00 04.079  +32 02 09.58 40.37  54.07 0.155 4.3 1.8 133.9 08000+3211SB
08 00 04.348  +31 23 15.24 4.16 4.98 0.115 36 0.0 126.8 08000+31143B
08 00 05.466  +32 11 23.16 2.95 3.17  0.133 26 —1.5 26.1 08000+32118B
08 00 05.859 438 1921.50 W 1.04 9.24 0155 193 11.8 102.0 08000+38071B
08 00 06.096 434 04 34.60 1.30 1.62 0.132 3.6 1.5  79.5 08000+34082B
08 00 06.436 434 58 02.24 1.11 1.69 0.146 5.6 2.0 107.4 08000+35071B
08 00 06.555  +32 01 48.05 1.11 0.75 0.157 —2.0 -3.6 149.9 08000+32118B
08 00 06.574  +34 04 36.10 1.39 1.45  0.132 4.5 —3.1  98.9 08000434082B
08 00 06.591 439 38 05.90 1.32 2.02  0.132 6.7 —1.5 32.7 08000+39393B
08 00 07.046  +29 36 56.93 8.97  13.42 0.151 4.2 3.4 145.2 08000429486A
08 00 07.118 434 15 07.26 1.17 0.89 0.137 0.0 -3.5 18.1 08000434082B
08 00 07.145 433 40 05.92 7.69 9.06 0.129 2.7 1.8 139.7 08000+33389B
08 00 07.371 438 07 34.51 7.20 8.05 0.138 2.3 1.3 176.0 08000+438071B
08 00 07.745 434 06 14.68 1.28 1.07  0.133 2.1 -3.4 133.0 08000+34082B
08 00 07.872  +41 13 06.70 3.76 3.71  0.126 0.0 -1.0 0.0 08000+441132B
08 00 07.954  +36 04 08.82 4.83 5.08 0.136 1.5 0.9 62.0 08000436065B
08 00 08.817  +38 46 23.73 1.15 0.96  0.142 1.5 —3.3 17.2 08000438377B
08 00 09.145 436 04 07.45 2.00 464 0.137 7.1 5.3  56.4 080004360658
08 00 09.623  +38 06 49.86 1.08 1.30 0.138 2.6 2.1 180.0 08000+38071B
08 00 09.689  +33 59 56.95 6.11 8.32- 0.140 4.1 2.3 53.3 08000434082B
08 00 10.125 430 31 51.56 1.31 0.88 0.156 —1.5 —3.8 151.5 08000+30456B
08 00 10.262 441 20 36.81 1.36 0.80 0.133 -34 -36 941 08000+41132B
08 00 10.335 435 57 41.31 1.09 1.54  0.145 58 —1.5 79.8 080004360658
08 00 10.567 434 02 20.85 1.59 3.45 0.137 8.9 2.8 178.8 080004-34082B
08 00 10.613 428 51 23.53 1.88 4.94 0.095 11.8 2.4 1594 08000428521B
08 00 10.794  +30 36 06.29 9.51  10.03 0.148 1.5 0.9 66.0 080004304568
08 00 11.197  +30 31 48.01 25.66  25.99 0.156 0.8 02 117.0 08000+430456B
08 00 11.282 +34 00 07.72 3.23 3.77 0.140 2.7 1.6  89.7 08000+34082B
08 0011.479 +30 14 34.11 3.13 2.72  0.136 1.0 —2.8 141.0 08000430170A
08 00 11.495 +35 50 17.56 1.10 0.80 0.154 —20 -3.4 176.0 08000+36065B
08 00 12.075 430 48 48.79 3.02 2.74 0138 —1.5 2.0 0.9 08000+30456B
08 00 12.089 430 05 16.34 9.89 1043 0.151 1.4 1.1 90.0 08000+430170A
08 00 12.833 429 23 46.99 1.09 1.35 0.138 52 —2.5 67.2 08000+29203A
08 00 14.079 441 46 12.10 3.09 3.05 0.133 1.5 —-1.5 17.7 08000+41450B
08 00 14.111 441 30 47.54 1.71 2.48  0.146 5.0 2.0 979 08000441450B
08 00 15.829 435 44 29.46 3.79 441  0.141 2.8 1.3 1359 08000+35367B
08 00 16.065 . +40 29 56.01 189.37 199.72  0.145 1.3 1.3  90.0 08000+40417B
08 00 16.990 - 4-32 14 50.34 3.47 3.42  0.135 1.8 —2.0 163.3 08000432118B
08 00 17.075 435 42 42.29 3.88 3.93 0.139 1.0 0.0 156.5 08000+35367B
08 00 17.567 437 02 59.81 33.55 3494 0.138 1.2 0.9 180.0 08000+37065B

2Warning flag ‘W’ indicates source is possibly a sidelobe of a nearby, bright source.

bPeak flux density (mJy/beam) at 1.4 GHz for Gaussian fit to source.

“Integrated flux density (mJy) for Gaussian fit to source.

dEstimated RMS noise (mJy/beam) in coadded image at source position.

¢Major and minor axes FWHM (arcsec) for source after 54 synthesized beam size has been deconvolved.
Negative values indicate that source was smaller than beam and allow fitted size to be recovered (see text.)

Position angle of major axis (degrees east of north.)

EName of coadded image including this source.
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file: north93_074343,Fits
dir: RAND_N

Double

RAND_N/nonh98_074343.ﬁls : SAQimage dproctor@beowulf.linl.gov Wed Nov 3 19:51:42 1999
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file: southS98_008442_008447,.fits
dir: .

south98_008442_008447.fits R | SAQimage dproctor@beowuif.linl.gov Wed Nov 3 19:46:14 1999
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file: north98_069940_069971.fits
dir: GROUPS_4+Sources

GROUPS_4+Sources/morth98_069940_069971 fits

SAQimage dproctor@beowulf.linl.gov Wed Nov 3 20:40:16 1999
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TRAINING SET
Visual Classifications:

233 Bent

426 Somewhat Bent

1255 Non-Bent

721 ? (too noisy to tell)
10 Misc. ,

2645 Total

TEST SET
Visual Classifications:

52 Bent

165 Somewhat Bent

612 Non-Bent

227 ? (too noisy to tell)
3 Misc.

1059 Total



PATTERN RECOGNITION - INVARIANCE for FEATURES

Translation

Rotation

Scale — the ’'Problem’

;
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Visual Classifications of 115 OCl Selected Non-Asymmetric Sources
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